ABSTRACT Traditionally, the distribution system is typically radial and the protection system has been designed for this purpose. After increasing the distributed generations (DG) in distribution systems, the direction of the electrical power flow and the short-circuit currents in the system should be changed. Moreover, at least a part of the system is converted from radial to loop due to the system contains multi power sources (main source and DGs). Thus, the protection relays are severely affected by the presence of DGs in the distribution networks and lost their coordination. Three fertile and robust meta-heuristic optimization techniques are competing in this paper for finding the optimal value of the pickup currents, Ip, and time multipliers setting of the directional over current relays (DOC) with different DG penetration levels, sites, and fault types and locations. These are an ant lion optimizer (ALO), artificial immune system, and particle swarm optimization. The objective function is minimizing the total operating time of the DOC relays. The transient stability of the distribution system is used as a new constraint for getting the optimal coordination of the DOC relays. Two study systems are considered to test the functionality of the proposed algorithms; they are IEEE-30 bus (distribution section) and practical 11-bus distribution system from Egyptian West Delta Distribution Utility. The comparative results verify the robustness and reliability of the ALO in minimizing the total operating time of the DOC relays while confines with the constraints. Moreover, they show that ALO has the highest accuracy and convergence efficiency while enjoying the reduced execution time.
I. INTRODUCTION
The electric grid consists of interconnected transmission and distribution lines that transmit power from conventional energy centralized plants to the consumers. The electric grids include conventional and non-conventional sources. The nonconventional sources include renewable sources such as wind, solar, hydropower, geothermal, and biomass energy. Highpenetration of DGs in distribution systems causes a number of benefits and challenges for power system operators. One of the most challenges is the mal-operation of the protection system. The protection of the distribution system was designed assuming the system is radial, and the power flow is unidirectional. After connecting the DG, at least part of the distribution system should be converted to a loop system, which means that the protective relays coordination might be lost [1] .
The coordination can be obtained by three methods: the trial and error methods [2] , the topological analysis methods [3] , and the optimization methods [4] - [7] . The topological analysis was used for setting the DOC relays in multiloop or mesh networks. It was used to obtain the setting of the Over-Current (OC) relays [3] .
The researchers described various optimization techniques to solve relay coordination problems. Nonlinear Programming (NLP) was used to obtain the optimal TMS of the DOC relays subjected to the limits of the relay setting and the coordination constraints [4] , [7] . The main objective function was to minimize the total operating time of the primary and backup relays considering faults at different system locations [4] , [7] . Linear Programming (LP) technique was applied to minimize the total operating time, while the pickup current, I p , was determined by using the generalized reduced gradient method based on the experience [5] . Although the obtained solutions are considered the best alternative setting, their results usually depart from the optimal solutions.
Recently, several evolutionary programs have been investigated for obtaining the optimal setting of the relays' coordination [8] - [24] . Differential Evolution algorithm (DE) was introduced in [1] and [8] - [10] to optimize the TMS and I p of the DOC relays. In [9] , the optimization problem of the protective relays was formulated using the Mixed Integer Nonlinear Programming (MINLP) method and then solved by the DE algorithm. The overcurrent relay setting was optimized in [10] using the discrete and continuous versions of the informative DE algorithm with self-adaptive clustering technique. The Genetic Algorithm (GA) was employed to solve the optimal relay coordination problem [11] - [14] . A new problem formulation was presented to obtain the optimal settings and the operating times of the primary and backup relays using GA in [11] and [12] . The hybrid GA was advised in [13] to determine the optimal solution of relay settings by using both GA and NLP methods. A Nondominated Sorting Genetic Algorithm-II (NSGA-II) method was applied in [14] for coordinating the DOC relays to reduce the discrimination time of the primary and backup relays. The Particle Swarm Optimization (PSO) technique was used to determine the optimal DOC relay coordination in an interconnected power system [15] - [17] . The Ant-Colony Optimization (ACO) technique was presented in [18] to determine the optimal DOC relays coordination in the interconnected power system. The objective function of the optimization problem was to minimize the total operating time of the DOC relays in the system. It considered a single line to ground fault at every bus plus the operating time of backup relays. The Artificial Bee Colony (ABC) was applied in [19] and [20] for optimal coordination of the DOC relays in the power networks with the impact of connecting DGs. The Pattern Search (PS) algorithm was applied to determine the optimal setting and coordination of the DOCs relays in [21] . The Electromagnetic Field Optimization (EFO) algorithm was improved to obtain the optimal coordination of the DOC relays in [22] . The Invasive Weed Optimization (IWO) algorithm was adapted for coordinating the overcurrent relays in [23] , it used the non-standardized inverse time curves for improving the coordination performance of the overcurrent relay. The optimization methods give solutions better than the topological methods, but these methods are a time consuming as they are not adaptive so if any change occurs in the system, a new solution must be found to keep up with the system changes. It could be concluded that some evolutionary approaches suffer from serious drawbacks such as the premature convergence, time-consuming and the initial solution sensitivity. Moreover, they differ widely according to the implementation complexity, the computational speed and the storage requirements [8] - [23] .
The Artificial Immune Systems (AISs) are meta-heuristic optimization algorithms that belong to the computational intelligence cluster. They are inspired by the Natural Immune System of living-being. The biological immune system has unique features such as recognition of antigen characteristics, pattern memorization capabilities, self-organizing memory, adaptation ability, immune response shaping and learning from examples. AIS is trying to adopt the characteristics of NIS in converging to the optimal set of solutions. However, AIS suffers from local optimal trapping [24] , [25] .
Ant Lion Optimizer (ALO) has emerged in 2015 by Mirjalili [26] as a new branch in computational intelligence. ALO algorithm simulates the Ant Lions hunting mechanism in nature. The ALO algorithm consists of five steps; the ant updates its position in optimization with random walk, building antlion traps, enter the ants to traps, catch the preys, and re-building the traps. It is now a concern of many researchers and it has been successfully employed for finding the optimal solution of power system problems [26] - [32] . ALO enjoys the advantages of rapid response and reduced computation requirements, as it requires only a few parameters to carry out the search [26] - [32] .
This paper investigates the application of the metaheuristic optimization algorithms for obtaining the optimal values of the pickup current, I p , and the TMS of the DOC relays in the distribution systems connected to DGs. The paper proposes ALO, AIS and PSO for optimal coordination of the DOC relays in the distribution systems. The applicability of ALO, AIS, and PSO is evaluated on IEEE-30 bus (distribution section) and practical 11-bus distribution system. First, a MATLAB program is coded to calculate the relay full load and short circuit currents. Then, programs to implement the ALO, AIS and PSO algorithms are built to obtain the optimum values of I p and TMS.
II. DOC RELAYS COORDINATION
For a reliable operation of the protective relays, two rules must be satisfied. First, the relay should trip due to the faults in its protective zone. Second, the relay should not trip due to faults outside its protective zone. Since the primary protection system may mal-operate, the backup protection should exist and act to trip with time delay. The calculation of the backup relay time delay is known as the coordination of the protective relays. The protective relays coordination process is essential to satisfy the selective tripping by ensuring that, the delay time of the backup relay is sufficient to allow the primary relay to clear the fault first [33] .
The distribution network operation can be affected by connecting the DGs. They can affect the overcurrent protection by providing different flows of the fault current and the current seen by the overcurrent relay will be changed. Depending on the DG penetration and location, the fault current can be increased or decreased. It can cause changes in the operating time of the relay and loss of coordination [1] .
A. MODELING OF DOC RELAY CHARACTERISTIC
The overcurrent relay has an inverse time-current characteristic which can be provided in a group of curves depending on the value of the TMS. The relay operating time depends on the short-circuit current. It means that the operating time becomes longer as the fault current decreases. In general, the following equation represents the characteristic function of the overcurrent relay [16] ,
where T is the relay operating time, I is the short-circuited current flowing through the relay and I p is the pickup setting current. Accords to the IEC standard inverse type, Eq. (1) can be expressed as:
where K 1 , K 2 , and K 3 are constants that depend on the relay design parameters, the saturation magnetic circuit and the relay type (inverse, very inverse ... etc.).
B. PROBLEM FORMULATION
The relay coordination problem is considered as an optimization problem. The objective function is minimizing the total operating time of the primary relays, that would depend on the far-end and near-end fault currents in the system while keeping the primary and backup relays coordinated. The main Objective Function, OF, can be defined by, are the operating time of the primary relay i th for near-end fault and the primary relay j th for far-end fault respectively.
1) DOC RELAY CONSTRAINTS
The operating time of the backup relay in the coordination problem must be greater than that of the operating time of its primary relay and the Coordination Time Interval (CTI) for the same fault type and location. The coordination time constraints between the primary relay i th and their backup relay(s) j th are expressed as:
where t and t F nr j are the j th backup relay operating time for the far-end and nearend faults respectively. In addition, the optimization problem is subject to another constraint depending on the limits of the pickup current (I p ) and TMS, that are listed as:
where TMS imin and TMS imax are the minimum and maximum values of the time multiplier setting of the relay i th respectively. I pimin and I pimax are the minimum and maximum values of the pickup current of relay i th respectively.
2) TRANSIENT STABILITY CONSTRAINT
The stability of the network depends on the duration of the fault. If the fault remains for a certain time, the network may become transient unstable. The Critical Clearing Time (CCT) is the maximum allowable time for the fault duration to ensure the network transient stability. In any network, the relays operating times must be less than the corresponding CCT. Therefore, the CCT limits will be added as a constraint to the optimization problem to ensure the transient stability of the electric network as follows [22] :
Generally, as shown in (2), the relation between the DOC relay operation time T and the TMS, short-circuited current, and pick-up current, is a nonlinear function. So, this problem is considered as a nonlinear optimization problem. In this paper, I p and TMS will be considered as the optimized parameters. Thus, the optimal value of the two parameters will be determined at the same time by solving this nonlinear optimization problem.
III. ALO OPTIMIZATION ALGORITHM
ALO, AIS, and PSO are fertile, robust and reliable optimization techniques. They are applied for solving the DOC relays coordination problem. PSO and AIS are investigated in coordinating the DOC relays. The principles and implementation strategies of PSO [15] , [17] and AIS [24] , [25] are highlighted in the literature. Here in this research, a detailed discussion is given for ALO. As there is a lack of literature regarding the application of ALO for the coordination problem.
Antlion optimization algorithm belongs to the biologically inspired computational search. This algorithm mimics the natural behavior of the Antlion insect. The life cycle of Antlion insects consists of two main stages: larvae and adult. The total life cycle can take about 3 years, that mostly occurs in larvae. The adult typically lives for about 25-45 days. The Antlion adulthood period is taken for reproduction, and larvae for hunting [34] , [35] .
Antlion larvae excavates a conical trap in the sands by moving over a rotating track and throwing out sands with its big shovel-shaped head [34] , [35] . After excavating the trap, the larvae buried itself under the sand at the center of the conical trap and waits for their ant or other prey to be trapped in the pit [36] . The trap is a perfectly conical shape with steep sides and its edge is sharp enough for ants to fall out to the pit. When the ant falls out in the pit, it tries to climb the walls of the pit to escape from it. The Antlion tries to catch it by eliminating the sands towards the bottom of the pit and attempting to bite it. After pulling and consuming the ant, Antlions throw the leftovers and sands outside the pit and prepare the trap for the next hunt.
The mathematical model that represents the behavior of the Antlion and ant will be discussed in the following section. VOLUME 6, 2018 A. THE ALO ALGORITHM OPERATORS AND CONDITIONS
1) RANDOM WALKS OF ANTS
The random motion of the ants is modeled by (7):
where n refers to the maximum number of iterations, Cumsum represents the cumulative sum, t is the step of the iteration, and r(t) is random function expressed as:
where rand is the random numbers produced using uniform distribution in the interval of [0,1]. During the optimization process, the ants' positions will be updated with random walks. The random walks will be normalized to keep them in the search space (range of variability) by applying the following equation:
where a i and d i are the minimum and maximum of the random walk of i th variable respectively. C t i and d t i are the minimum and maximum of the i th variable at t th iteration respectively.
2) TRAPPING IN ANTLION'S PITS
The ants randomly walk in the hypersphere determined by the vectors c & d around the selected antlion. The mathematical equation of the antlion's pits is:
where Antlion t j illustrates the position of the antlion j th at iteration t th .
3) BUILDING ANTLION'S TRAP
The ALO algorithm uses the roulette wheel operator for choosing the antlions according to their fitness value during the optimization process. This mechanism results in great probabilities for catching preys.
4) SLIDING ANTS TOWARDS ANTLION
Once the ant is fallen in the trap, the antlions will start to shoot sands outside the center of the hole. This behavior forces the ant to move towards the bottom of the trap. It can be mathematically modeled as adaptive decreases of the radius of the ants' random walks hypersphere. This can be represented by:
where t and T are the current and maximum number of iterations respectively. ω is a constant depending on the current iteration (ω = 2 at t > 0.1T, ω = 3 at t > 0.5T, . . . ..).
5) CATCHING PREY AND PREPARE THE TRAP FOR NEXT HUNT
The final stage in the hunting process when the antlion catches the ant in its jaw. The antlion pulls it and consumes its body under the sand. For simulating this procedure, it is supposed that catching prey occurs when ants become fitter than the corresponding antlion. To increase the antlion chance to catch the next prey, the antlion position needs to updated with the latest one. The ants catching process and rearrange the pit in order to catch the next prey can be calculated by:
where Ant t j indicate the position of the ant i th at iteration t th .
6) ELITISM
The best antlion determined from each iteration is assigned as the elite. That, the elite are kept as the fittest antlion and it affected all ants' movements during the iterations. It is supposed that the ants walk randomly around the selected antlion according to the roulette wheel operator. The elitism of antlion can be calculated as:
where R t A and R t E are the random walk around the selected antlion according to the roulette wheel and around the elite at t th iteration respectively.
IV. OPTIMIZATION ALGORITHMS FOR SOLVING COORDINATION PROBLEM
The proposed ALO and AIS are implemented to determine the optimum value of the pickup current and the TMS of the DOC relays in the distribution systems connected to DGs. In the following sections, the procedures of the proposed ALO and AIS algorithms are illustrated.
A. ANTLION OPTIMIZER (ALO)
The procedures of the proposed ALO to obtain the minimum value of the operating time of the DOC relays are illustrated in the following steps.
Step 1: Read the inputs, read the distribution system data, relay parameters, and construct Primary/Backup relays pairs then calculate the full load and short circuit currents for the far-end and near-end of each relay.
Step 2: Generation the initial populations, generate the initial population of antlion and ants randomly, according to the upper and lower limits of parameters.
Step 3: Evaluation of fitness function, evaluate the fitness function (total operating time of relays) of all ants and antlions using the index of the objective function in (3).
Step 4: Evaluation of antlion solutions, obtain the best antlions solutions and considered it as elite.
Step 5: Selection process, select an antlion using the roulette wheel.
Step 6: Update the positions, update c and d parameters to slide ants toward the center of the pit (Antlion) using (10) and (11).
Step 7: Creation of random walk, create a random walk to perform normalized to the antlions and ant solutions using (9).
Step 8: Update the position, update the position of antlions using (15).
Step 9: Evaluation the best solution, replace the antlion with the corresponding ant. The substituted antlion becomes better than the elite.
Step 10: Storing, if maximum iterations reached, save and print the optimal results.
The flowchart of the proposed ALO algorithm is described in Figure 1 .
B. ARTIFICIAL IMMUNE SYSTEM (AIS)
The procedures to optimize the DOC relays coordination based on the AIS algorithm are listed in the following steps. The proposed algorithm is applied by creating the initial population randomly (TMS, I p ) for each DOC relay in the distribution system and determine the objective function (Total operating time OF(Ab)) of the DOC relays.
Step 1: Read the distribution system data, relay parameters and construct Primary/Backup relays pairs then calculate the full load and short circuit currents for the far-end and near-end of each relay. Step 5: Calculate the value of the (OF(Ab)) and obtain an affinity between the antibody (Ab) and antigen (Ag). The affinity, F(Ab), is a nonlinear transformation of the value of the objective function for given antibodies and is defined by (17) .
where ε is the extent of constraint violation of the Ab.
Step 6: Repeat step 3 and step 4 until reaching the size of the population and evaluate the performance of the relays for each antibody in the population. Step 7: Check if terminating condition is satisfied, if satisfied stop and get the optimum solution, if not go to step 7.
Step 8: If the optimum solution is not reached, select the elements with the highest affinity of population and clones these individuals proportionally to their affinities with the generated antigen. The higher affinity results in higher clones.
Step 9: Mutate the clone population. The mutation rate of an individual is inversely proportional to its affinity. An exponential function is used to mutate the clone population, which is defined by (18) ,
where a is the affinity of the population and s is smoothing parameter having values from 1 to 10 depending on the affinity values.
Step 10: Generate and replace the new antibodies with the old antibodies (TMS, I p ) for best coordination value, if the best antibody doesn't change for many iterations, apply the mutation to it and select new antibodies every ten iterations to avoid the best local solution.
The flowchart of the proposed AIS algorithm is described in Figure 2 .
FIGURE 2. Flowchart of the proposed AIS algorithm.
The flowcharts of the proposed ALO and AIS algorithms presented in Figures 1 and 2 are coded using the MATLAB program. The designed programs are divided into three subroutines'. These subroutines are: 1) Load flow program: it is designed to determine the pickup current for each relay at the distribution system. 2) Short circuit program: it is designed to determine the short circuit current at each relay under any fault type and location at the distribution system. 3) ALO and AIS programs: they are designed to determine the optimum setting of the DOC relays in the distribution system. The proposed algorithms are applied to determine the optimal setting of DOC relays and make it adaptive with any DG penetration level and location.
V. TEST SYSTEMS, RESULTS AND DISCUSSION
The proposed ALO and AIS algorithms based optimal coordination of the DOC relays are tested on two distribution networks. The first system is the distribution section of the IEEE-30 bus system. It is used to verify the effectiveness and reliability of the proposed ALO and AIS optimization algorithms. The results obtained by the proposed algorithms are compared with those obtained by DE and GA algorithms in [1] and [12] . The second system is a practical 11-bus distribution system from Egyptian West Delta Distribution Utility [37] . In this paper, it is assumed that all the DOC relays used in these networks are digital. The TMSs for the DOC relays have been used in a continuous range of (0.01-1). The minimum coordination times have been considered to be (0.2 seconds) for all cases of primary/backup relays. The modeling and the simulation of the two test systems are done by using MATLAB to obtain the full load and short circuit current at each relay (Primary/Backup relays). The objective function is the summation of the operating time of the primary relays for fault in front of them. The effects of the near and far-end faults are considered in the OF as illustrated in Eq. 3.
The proposed ALO algorithm has very few parameters to be adjusted, only the number of search agents and the iterations are the defined parameters. In this paper, the search agents' size or the number of ants is selected to be 50. With search agents lower than 50 the ALO generates inferior results, while for search agent greater than 50 there were no significant improvements in the operating times of the DOC relays. Moreover, the maximum number of iterations was set at 500 for all test systems.
The proposed AIS algorithm parameters consist of 200 populations, 500 maximum generations, 0.015 mutation probability and 20 clones per candidate for all test systems.
A. IEEE 30-BUSES DISTRIBUTION SECTION
The IEEE 30-buses distribution section considered in this case study is illustrated in Figure 3 . It consists of 30 buses and 37 lines. Each line is protected by two DOC relays, one relay is installed at each end. It supplies from three primary distribution substations (132/33kV) at buses 1, 6 and 13. Two DGs are connected to buses 10 and 15. The detailed data of this system are given in [12] . The information about the number of the primary and backup relays are given in Table 1 . Obviously, when the system topology is changed the presented data in table 3 should be updated.
To test the effectiveness of the proposed optimization approaches, the results obtained corresponding to ALO and AIS have been compared to the DE [1] and GA [12] . The results of the proposed ALO, AIS, GA and DE algorithms are given in Tables 2 and 3. Table 2 . illustrates the TMS and the pickup current of the DOC relays.
From Table 3 , it is observed that the sum of operating times of the relays obtained by the proposed optimization approaches ALO and AIS are appreciably less than those obtained by the metaheuristic methods; GA and DE. Moreover, the results obtained at different runs are close to each other (i.e., the results are nearly reproducible) even when different runs start from different initial conditions.
B. PRACTICAL 11-BUSES DISTRIBUTION SYSTEM
The test system is a part of a normal three-phase distribution system from the Egyptian West Delta distribution system as shown in Figure 4 [37] . The busbars and the lines data of the system are presented in Table 4 . The system parameters are shown in Table. 5. The system consists of one branch and two laterals with 11 buses, 11 kV radial feeders with DOC relays at the two ends of each line and Fuse at each load terminal.
The ALO, AIS and PSO algorithms are applied to this system to obtain the optimum values of TMS and I p for each DOC relay to satisfy the minimum summation of the total operating time of the primary relays. The short-circuit current VOLUME 6, 2018 and the number of the primary and backup relays which obtained from applying a designed short circuit program to the test system are given in Table 6 .
The ALO, AIS and PSO algorithms are applied in many scenarios with different DG locations and numbers. The results of only three scenarios will be illustrated in detailed to validate the methods. First with 30% DG 1 installed at bus B6 of the test system, second 30% DG 2 installed at bus B11 and finally 30% DG 1 and 30% DG 2 installed at bus B6 and B11.
The TMS and I p obtained from the proposed methods in case of 30% DG 1 installed at bus B6 of the test system are compared as shown in Table 7 . Table 7 shows that the ALO has the best performance regarding the optimal operating times of the DOC relays in the 11-Bus distribution system relative to PSO and AIS. It is clear that the proposed ALO algorithm efficiently allocates the optimal solutions and handle the constraints of the studied optimization problem.
The conversions of the objective function for the three optimization methods are illustrated in Figure 5 . As shown from the figure the value of the objective function in case of proposed ALO method decreases very fast to the minimum value than the other two techniques, which implies that the ALO can converge to the global optimum faster.
The proposed ALO algorithm is applied for each of these three cases to obtain the optimum values of the TMS and I p and the results are listed in Table 8 .
As indicated in Table 8 , when changing the location of the DG, the values of TMS and I p of the DOC relays and the total operating time are changed. In case of DG 1 no need to install relays 16 and 17 and in case of DG 2 no need to install relays 13, 14 and 15 because the feeder is radial. The results of other scenarios with different DGs locations and numbers are summaries in Table 10 . It illustrates VOLUME 6, 2018 the impact of the DG locations on the coordination of the DOC relays and the total operating time of these relays. Table 10 shows that by changing the DG location the total operating times of the DOC relays will be changed due to changing the number of required relays in the system. Since the number of relays at the end of the two ends of any line is related to whether there is the power supply to the line from both ends or not. Table 9 illustrates the operating time of the relays for both near-end and far end faults in the three cases. The results of the two test systems show that the ALO achieves the best global optimal while enjoying better convergence speed than the other optimization techniques. This could be attributed to the roulette wheel selection technique. The position updates of the ants depend on the random walks around the selected antlion by the elite and the roulette wheel, and the best particle is preserved by setting the elite in the searching process. Using the roulette wheel to select the antlion leads to provide enough diversification and allows the ALO algorithm to avoid stagnation. Stagnation avoidance capability gives such algorithm more superiority over the other two algorithms. Furthermore, the algorithm has minimal internal parameters compared to them. It is clear that ALO has the advantages of fast calculating speed, high efficiency, and good convergence.
VI. RELAY PERFORMANCE WITH THE PROPOSED ALO SETTING
After obtaining the optimum values (TMS, I p ) for each relay, the settings have been set for the relays in the test system and it is tested with different conditions; DG penetration, DG location, and fault types. The DG 1 source will be installed at bus-6 with various penetration level (10, 20 , and 30%) of the total feeder power. The DG 2 source will installed at bus-11 with various penetration level (10, 20 , and 30%) of the total feeder power. A three-phase fault is applied in a different location (F 1 , F 2 , F 3 , and F 4 ) as shown in Figure 6 . After simulating the system with these conditions one by one, the three-phase current signals are measured at the locations of both relays at the two ends of the faulty line. Also, the trip signals of the two relays are indicated. Some of these tested cases will be illustrated in the next sub-sections. A. THREE PHASE FAULT AT F4 WITH DG2 OF 30% PENETRATION DG 2 is installed at bus-11 with penetration level 30% of the total feeder capacity. The three-phase fault (F 4 ) occurs at the endpoint of Line 7-11as shown in Figure 6 . The Fault occurs at 0.1 sec. Figure 7 illustrates the three-phase current waveforms at relay 10 and 17 and the trip signals of them. The figure shows that when the fault occurs the three-phase currents increased due to short circuit. The current at relay 10 is decayed to zero after 0.221 seconds and it takes 0.28 second for relay 17 to be delayed after the CB trips and disconnect the line 7-11 as shown in Figure 6c .
B. SINGLE PHASE TO GROUND FAULT AT F1 WITH DG1 OF 30% PENETRATION
To test the effect of fault type on the coordination of DOC relays, a single phase to ground fault (F 1 ) is applied at the endpoint of Line 1-2 with DG 1 connected to bus-6 (30% penetration). The fault occurs at 0.1 sec. Figure 8 illustrates the three-phase current waveforms and a trip signal of relay 1 and 11. Figure 8 shows that when the fault occurs the single-phase current increased due to short circuit. The single-phase current at relay 1 decayed to zero 0.667 second and 0.125 seconds for relay 11 after the CB trips and disconnect the line 1-2 as shown in Figure 8c . The coordination settings are succeeded when the fault type is changed. 
VII. CONCLUSION
The coordination of the DOC becomes more complicated when high DG penetration of DG is inserted in the distribution system. This paper proposed a novel optimally coordinated DOC protection relaying strategy. Robust, simple and reliable recent optimization algorithms, ALO and AIS are advised for solving the problem of coordinating the DOC relays in the distribution system. The ALO, AIS, and PSO solve coordination problem as a constrained optimization problem. The objective function was targeting a minimum operating time of DOC relays in the distribution system. The 11-Bus test system is used to test the applicability and robustness of the ALO algorithm. Moreover, a comparison between ALO, PSO, and AIS is carried out to assess the potential of ALO. The MATLAB coding is used as a platform for coding the programs of the systems under concern with the three optimization methods. The results confirm the visibility and superiority of ALO. ALO successfully produces the lowest operating time. The comparative results show that the proposed ALO enjoys the highest accuracy. Moreover, it requires the lowest computation time and has the highest stability among PSO and AIS. VOLUME 6, 2018 
